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Since the release of the last meta-analysis on the association between fish intake 
and prostate cancer risk, several cohort studies have been published. Moreover, 
none of the previous meta-analyzes examined the dose–response association 
between fish intake and prostate cancer. Therefore, the current dose–response 
meta-analysis was conducted to summarize available findings on the associations 
of fish intake with the risk of prostate cancer in men. Online databases of PubMed, 
Scopus, and Web of Science were systematically searched up to September 2022. 
We  included prospective cohort studies that examined the associations of fish 
intake with the risk of prostate cancer (total, localized, and advanced prostate 
cancer), its mortality, and cancer progression. Summary relative risks (RR) and 
95% confidence intervals (CI) were calculated for the highest versus lowest 
categories of fish intake using random-effects models. Also, linear and non-
linear dose–response analyzes were conducted. In total, 25 prospective cohort 
studies, recruiting 1,216,474 men, were included in the systematic review, and 22 
studies were included in the meta-analysis. During the follow-up periods, ranging 
from 6 to 33 years, a total of 44,722 cases of prostate cancer were recorded. The 
comparison between the highest and lowest intakes of total fish revealed the 
summary RRs of 0.97 (95% CI: 0.86–1.10) for total, 1.01 (95% CI: 0.91–1.13) for 
advanced, and 0.90 (95% CI: 0.72–1.12) for localized prostate cancer, indicating 
no significant association. Moreover, the summary RR was 0.55 (95% CI: 0.33–
0.92) for prostate cancer mortality and 0.84 (95% CI: 0.65–1.10) for prostate 
cancer progression, indicating an inverse association between fish intake and 
prostate cancer mortality. Also, in the dose–response analyzes, each 20 gram/
day increase in total fish intake was associated with a 12% lower risk of prostate 
cancer mortality. Our findings support the protective association between total 
fish intake and the risk of prostate cancer mortality.

KEYWORDS

fish, prostate cancer, mortality, dose–response, meta-analysis

OPEN ACCESS

EDITED BY

Roberta Masella,  
National Institute of Health (ISS), Italy

REVIEWED BY

Paola Matarrese,  
National Institute of Health (ISS), Italy 
José María Huerta,  
Carlos III Health Institute (ISCIII), Spain

*CORRESPONDENCE

Hakimeh Akbari  
 ghsuper@sums.ac.ir  

Omid Sadeghi  
 o.sadeghi@nutr.mui.ac.ir

RECEIVED 16 May 2023
ACCEPTED 12 July 2023
PUBLISHED 01 August 2023

CITATION

Eshaghian N, Heidarzadeh-Esfahani N, 
Akbari H, Askari G and Sadeghi O (2023) Fish 
consumption and risk of prostate cancer or its 
mortality: an updated systematic review and 
dose–response meta-analysis of prospective 
cohort studies.
Front. Nutr. 10:1221029.
doi: 10.3389/fnut.2023.1221029

COPYRIGHT

© 2023 Eshaghian, Heidarzadeh-Esfahani, 
Akbari, Askari and Sadeghi. This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction 
in other forums is permitted, provided the 
original author(s) and the copyright owner(s) 
are credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted which 
does not comply with these terms.

TYPE Systematic Review
PUBLISHED 01 August 2023
DOI 10.3389/fnut.2023.1221029

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2023.1221029﻿&domain=pdf&date_stamp=2023-08-01
https://www.frontiersin.org/articles/10.3389/fnut.2023.1221029/full
https://www.frontiersin.org/articles/10.3389/fnut.2023.1221029/full
https://www.frontiersin.org/articles/10.3389/fnut.2023.1221029/full
https://www.frontiersin.org/articles/10.3389/fnut.2023.1221029/full
https://www.frontiersin.org/articles/10.3389/fnut.2023.1221029/full
mailto:ghsuper@sums.ac.ir
mailto:o.sadeghi@nutr.mui.ac.ir
https://doi.org/10.3389/fnut.2023.1221029
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2023.1221029


Eshaghian et al. 10.3389/fnut.2023.1221029

Frontiers in Nutrition 02 frontiersin.org

Introduction

Prostate cancer is the most prevalent cancer in men and the fifth 
cause of cancer-related death among this population (1). Based on 
global estimates in 2020, approximately 1.4 million new cases of 
prostate cancer were recorded, of them, 375,000 patients died (1). In 
addition, prostate cancer imposes a high economic burden on affected 
patients and the health care system (2). Despite the high prevalence of 
prostate cancer, little evidence is available about its etiology and 
appropriate strategies to control this cancer (3).

Several risk factors including age, ethnicity (African and black 
ethnic), family history, genetics, smoking, alcohol consumption, and 
obesity have been identified for prostate cancer (1). Among modifiable 
risk factors, diet plays an important role (4, 5). It has been shown that 
adherence to healthy diets such as the Mediterranean diet is associated 
with a reduced risk of prostate cancer (6, 7). However, it is not clear 
which components of the Mediterranean diet are involved in this 
beneficial effect. Recently, some studies have shown that the 
consumption of fish can affect the prostate cancer risk (8–32). Fish 
contains a high amount of long-chain omega-3 fatty acids that induce 
anti-inflammatory effects (33). Inflammation is a potential risk factor 
for some cancers (34–36). In contrast, some reports are available on 
the increased risk of certain cancers after intake of omega-3 fatty acids 
and their dietary sources (37, 38). In addition to this inconsistency, 
findings from observational studies on the relationship between fish 
consumption and prostate cancer risk are conflicting. Some studies 
reported that fish consumption was associated with a reduced risk of 
prostate cancer (27, 30, 39), while others did not find any significant 
association (9, 10, 18, 20).

Two meta-analyzes (40, 41) summarized available findings on the 
link between fish intake and the risk of prostate cancer. However, since 
the release of the last meta-analysis, several studies have assessed this 
association (16, 29, 30). In addition, Dai et al. included an effect size 
from a review article that the effect size was related to Allen et al. (8) 
study which was also included in the Dai et al. meta-analysis (duplicate 
effect size) (42). Also, previous meta-analyzes focused on the 
comparison of prostate cancer risk between the highest and lowest 
intakes of fish and none of them examined the dose–response 
association between fish intake and prostate cancer risk. Since the 
highest and lowest intakes of fish are different among different 
countries, a meta-analysis by only comparing the intakes might 
present misleading results. The dose–response meta-analysis can 
handle this problem by considering the risk of prostate cancer in 
different categories of fish intakes. Therefore, we conducted this study 

to summarize available findings on the association between fish intake 
and prostate cancer risk by performing an updated systematic review 
and dose–response meta-analysis on prospective cohort studies.

Methods

The current systematic review and meta-analysis were conducted 
based on the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyzes (PRISMA) (43). This meta-analysis was registered at 
the PROSPERO with code CRD42022347784 (available in 
Supplementary Files).

Search strategy

We performed a comprehensive literature search in the online 
databases of PubMed, Scopus, and Web of Science up to September 12, 
2022, to identify prospective cohort studies that examined the association 
between fish consumption and prostate cancer risk. 
Supplementary Table S1 shows medical subject heading terms (MESH) 
and non-MESH terms used in the search strategy. In addition to keywords 
related to exposure and outcome, we used some terms related to study 
design (observational OR prospective OR cohort OR hazard OR 
longitudinal OR historical) to increase the accuracy of search results. This 
approach was also used in previous meta-analyzes (44, 45). No restriction 
was considered on language and time of publications. All results in the 
systematic search were included in the Endnote software. Then, duplicate 
citations were removed. Study selection was conducted by two reviewers 
(NE and NHE). After the selection of eligible papers, the reference list of 
those papers and relevant reviews were screened to avoid missing any 
publications. We also performed a web-based search in Google Scholar 
to find any missing articles (Supplementary Table S1). In this search 
engine, we first searched the combination of “fish” and “prostate cancer” 
keywords and then we sorted the results by relevance to the searched 
keywords (not time of publication) and finally screened the first 
500 papers.

Inclusion criteria

We included prospective cohort studies that considered the 
intakes of fish or its products as an exposure variable and the risk of 
prostate cancer (including total, localized, and advanced prostate 
cancer), its mortality, and cancer progression as an outcome variable. 
All types of fish and its products (including white fish, fatty fish, lean 
fish, canned tuna, dark meat fish, shrimp, scallops, shellfish, salted 
fish, smoked fish, broiled fish, fried fish, etc.) were considered in the 
search strategy and study selection. Other inclusion criteria were 
reporting relative risk estimates including odds ratio (OR), risk ratio 
(RR), hazard ratio (HR), incidence rate ratio (IRR), or mortality rate 
ratio (MRR) along with 95% confidence interval (CI) for the 
association between fish consumption and risk of prostate cancer or 
presenting required data for the calculation of these effect sizes. If 
findings from one dataset were published in >1 article, we selected 
the most recent version meaning the one with the greatest number of 
cases or longer follow-up period.

Abbreviations: ALA, alpha-linolenic acid; BMI, body mass index; CI, confidence 

intervals; EPA, eicosapentaenoic acids; EPIC, European Prospective Investigation 

into Cancer and Nutrition study; FFQ, food frequency questionnaire; HETE, 

hydroxyeicosatetraenoic acid; HR, hazard ratio; HPFS, Health Professionals 

Follow-up Study; IRR, incidence rate ratio; MESH, medical subject heading terms; 

MRR, mortality rate ratio; NOS, Newcastle-Ottawa scale; NIH-AARP, National 

Institutes of Health-American Association of Retired Persons Diet and Health 

Study; NLCS, Netherlands Cohort Study; NHANES, National Health and Nutrition 

Examination Survey; OR, odds ratio; PHS, Physician’s Health Study; PUFAs, 

polyunsaturated fatty acids; PSA, prostate-specific antigen; RR, risk ratio; RCTs, 

randomized controlled trials; US, United States.
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Exclusion criteria

In the current meta-analysis, we excluded letters, comments, short 
communications, reviews, meta-analyzes, cross-sectional, case–
control, ecological and animal studies, book chapters, and those 
studies with insufficient data. Moreover, studies that assessed a dietary 
pattern containing a high amount of fish in relation to prostate cancer 
were excluded. Studies that assessed the combined effects of fish and 
other food groups with prostate cancer were excluded as well.

Data extraction

Required data were extracted from each eligible study by two 
independent researchers (NE and OS), and any disagreement 
between them was resolved by discussion with a third researcher. 
We designed an Excel-based form for data extraction, in which the 
following information, from each eligible study, was imported to it: 
the name of the first author, year of publication, cohort name, study 
location, age range, or the average age of participants, number of 
participants and cases of prostate cancer, duration of follow-up, 
methods used to assess dietary intakes and prostate cancer diagnosis, 
relative risk estimates reported for the link between fish consumption 
and prostate cancer, and confounding variables adjusted in the 
statistical analysis. If a study reported stratified relative risks based on 
a specific variable, we first combined the relative risks using a fixed-
effects model, and then, the combined relative risk was included in 
the main analysis (46).

Quality assessment

We used the Newcastle-Ottawa scale (NOS), designed for 
prospective studies, to determine the quality of the studies included 
in the current meta-analysis (47). Based on this scale, a maximum of 
9 points would be assigned to each study according to the following 
parameters: 4 points for the selection of participants, 2 points for 
comparison, and 3 points for the length of follow-up and the 
evaluation of outcome. Since the median score of included studies was 
7 in the current meta-analysis, the studies with a score of ≥7 were 
considered high-quality studies.

Statistical analysis

All studies presented effect sizes required for the meta-analysis 
and therefore we conducted no calculation for obtaining the required 
effect sizes. We included the relative risk estimates (RR, HR, IRR, 
MRR) of prostate cancer, reported for the comparison between the 
highest and lowest intakes of fish, in the meta-analysis. None of the 
included studies reported OR for the association between fish intake 
and prostate cancer risk. In addition, since the prevalence of prostate 
cancer was rare (<10%) in the population of cohorts included in the 
current meta-analysis, we did not convert the HRs to RRs. To calculate 
the summary relative risk, a random-effects model was used to take 
between-study heterogeneity into account. Also, we  used both 
Q-statistic and I2 values to assess heterogeneity among the included 

studies. I2 values greater than 50% were considered significant 
between-study heterogeneity (48). In case of significant between-study 
heterogeneity, we conducted subgroup and meta-regression analyzes 
based on study location [United States (US) vs. non-US countries], 
duration of follow-up (≥10 vs. < 10 years), sample size (≥ 10,000 vs. < 
10,000 participants), adjustment for energy intake and body mass 
index (BMI) (adjusted vs. unadjusted), and study quality (≥ 7 vs. < 7 
scores) to detect possible sources of heterogeneity. We also assess 
publication bias using Egger’s regression asymmetry test for the 
associations with ≥10 observations (49). To detect the effect of 
probable missing studies on the overall relative risk, the trim-and-fill 
method was used (50). In addition, sensitivity analysis using a 
random-effects model was performed to examine the influence of 
each study on the overall estimates. This analysis repeated the main 
analysis by removing one study each time.

To assess the linear association between fish intake and prostate 
cancer risk, we used the one-stage dose–response meta-analysis (51). 
In this method, we need the total number of participants and prostate 
cancer cases and the relative risks of prostate cancer in each category 
of fish intake. To link the dosage of fish intake with the relative risks, 
we  assigned the median or mean amount of fish intake in each 
category of fish intake to the corresponding relative risk in each study. 
This was done for studies that reported the mean or median intakes 
of fish in each category. For studies that reported the intakes as 
ranges, we estimated the midpoint in each category (52, 53). When 
the highest category was open-ended, the length of the open-ended 
interval was assumed to be the same as that of the adjacent interval 
(52, 53). For studies that reported the intakes of fish as time per week/
month, we converted them to gram/day by considering the standard 
portion of 150 gram for a single fish meal (28). The possible 
non-linear dose–response associations were examined using 
restricted cubic splines with 3 knots at percentiles of 10, 50, and 90% 
of the distribution (54). The correlation within each set of provided 
relative risks was taken into account and the study-specific estimates 
were combined by using a one-stage linear mixed-effects meta-
analysis (51). This method estimates the study-specific slopes and 
combines them to obtain an overall average slope in a single stage 
(51). The significance for non-linearity was calculated by null 
hypothesis testing, in which the coefficient of the second spline was 
considered equal to zero (51). Statistical analyzes were conducted 
using STATA version 14.0. p < 0.05 was considered statistically 
significant for all tests except for Cochran’s Q test which was 
considered significant at p < 0.10 (55).

Results

Literature search

We identified 5,321 articles in our initial search. After the 
exclusion of duplicate papers and those that did not meet the inclusion 
criteria, 44 full-text articles of potentially relevant studies were 
identified. After the full-text review, we  excluded an additional 4 
studies because they had a case–control or cross-sectional design 
(56–59). Also, two studies assessed the link between a diet rich in fish 
and prostate cancer, and therefore, were excluded (6, 60). Four articles 
were excluded because they were review articles (61–64). Two studies 
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that assessed fatty acids from fish in relation to prostate cancer (65, 66) 
and three articles that evaluated intakes of poultry or other protein 
sources rather than fish intake were excluded as well (67–69). 
We found 6 articles published on the datasets of Physician’s Health 
Study (PHS) (13, 15), Health Professionals Follow-up Study (HPFS) 
(10, 12, 15), and National Institutes of Health-American Association 
of Retired Persons (NIH-AARP) Diet and Health Study (11, 16). 
However, since these studies assessed different types of exposure (fish 
or fish products) and outcome variables, we included them in this 
meta-analysis. Also, we found two duplicate papers on the European 
Prospective Investigation into Cancer and Nutrition (EPIC) study (9, 
70), in which the one with the greatest number of prostate cancer cases 
was included (9), and the other one was excluded (70). In addition, 
two duplicate papers were found on the PHS (13, 71) and two on the 
Netherlands Cohort Study (NLCS) (25, 72), of them, the one with a 
greater number of cases was included (13, 25) and the duplicate papers 
were excluded (71, 72). Furthermore, we found a pooled analysis of 15 
prospective cohort studies that included most studies evaluated in the 
current meta-analysis. Therefore, that pooled analysis was excluded 
from the current meta-analysis (73). After the above-mentioned 
exclusions, 25 articles from prospective cohort studies were included 
in the systematic review (8–32) and 22 articles were included in the 
meta-analysis (8–14, 17–27, 29–32). Among them, 17 articles reported 
risk estimates for prostate cancer (8–10, 13, 16–20, 23–28, 30, 32), 8 
articles for advanced prostate cancer (10, 16, 19, 20, 23, 25, 28, 32), 9 
publications for prostate cancer mortality (11, 13–16, 19, 21, 27, 29), 
3 articles for prostate cancer progression (12, 22, 31), and 3 articles for 
localized prostate cancer (23, 25, 28). Three studies reported risk 
estimates for fatal prostate cancer, in which all fatal cases were dead 
during the follow-up periods. Therefore, in the current meta-analysis, 
fatal prostate cancer was considered similar to prostate cancer 
mortality. Also, included articles assessed intakes of total fish (8–14, 
17–27, 29–32), fatty fish (9, 15, 19), lean fish (19), white fish (9), dark 
meat fish (13), shrimp, lobster, or scallops (13), canned tuna (13, 16), 
salted or smoked fish (28), fried fish (31), and shellfish (20) in relation 
to prostate cancer. Figure  1 shows the flow diagram of the 
study selection.

Characteristics of included studies

The characteristics of included studies are provided in Table 1. The 
total number of participants in these studies ranged from 940 to 
293,464 people, with an age range between 25 and 96 years. In total, 
1,216,474 participants were enrolled in the 25 publications included 
in the current systematic review. During the follow-up periods, 
ranging from 6 to 33 years, a total of 44,722 cases of prostate cancer, 
5,422 cases of advanced prostate cancer, 3,779 deaths from prostate 
cancer, 613 cases of prostate cancer progression, and 406 cases of 
localized prostate cancer were recorded. Out of 25 articles, 15 articles 
were from the US (10–18, 20, 22, 23, 26, 29, 31), 7 articles from Europe 
(9, 19, 25, 27, 28, 30, 32), and 3 papers from Asia (8, 21, 24). Dietary 
intake of fish was assessed using a validated food frequency 
questionnaire (FFQ) in 18 articles (8, 10–13, 15, 16, 18–20, 22–25, 28, 
29, 31, 32), a non-validated questionnaire in 5 publications (14, 17, 21, 
27, 30), both validated FFQ and diet history in 1 article (9), and both 
validated FFQ and dietary recall in 1 article (26). Among the included 
studies, intakes of total fish, white fish, fatty fish, lean fish, canned 

tuna, dark meat fish, shrimp, scallops, shellfish, salted fish, smoked 
fish, broiled fish, and fried fish were assessed with prostate cancer risk. 
However, the number of studies for total fish was sufficient for 
performing a meta-analysis. Prostate cancer was assessed using 
medical records or cancer registries in 20 studies (8, 11, 12, 14, 16, 17, 
19–32), self-reported data in 3 studies (10, 15, 18), and both medical 
records and self-reported data in 2 studies (9, 13). In most articles, 
relative risks were adjusted for age (n = 21), BMI (n = 12), smoking 
(n = 12), alcohol consumption (n = 7), physical activity (n = 11), energy 
intake (n = 12), other dietary variables (n = 15), and family history of 
prostate cancer (n = 6). The NOS scores of the included studies were 
between 5 and 8. Looking at the variation of NOS scores and 
considering the score of 7 as a median, 17 articles had a score of ≥7, 
defined as high-quality studies (8–12, 14, 16, 17, 19, 20, 22–24, 26, 29, 
30, 32) (Supplementary Table S2).

Findings from the systematic review

Out of 15 articles on the association between total fish intake 
and prostate cancer risk, 2 articles indicated an inverse association 
(27, 30), 1 article showed a positive association (8), and others 
illustrated no significant association. For advanced prostate cancer, 
none of the articles revealed a significant association between total 
fish intake and advanced prostate cancer. In the case of prostate 
cancer mortality, 4 studies showed an inverse association with total 
fish intake (11, 13, 21, 27). For prostate cancer progression and 
localized prostate cancer, none of the included studies revealed a 
significant association with total fish intake. For the different types 
of fish products, one article showed an inverse association between 
canned tuna and the risk of prostate cancer mortality (13) and 
another article showed a positive association in terms of salted/
smoked fish and advanced prostate cancer (28). In addition, two 
articles assessed “other fish,” in which the type of fish was unclear, 
and reported a significant positive association with the risk of total 
prostate cancer (8, 13).

Findings from the meta-analysis

Data on different types of fish, except total fish, were not sufficient 
for a meta-analysis. Therefore, our meta-analysis was mainly focused 
on total fish intake and prostate cancer risk. Of 25 articles included in 
the systematic review, three assessed only fatty fish, canned tuna, and 
salted or smoked fish intake rather than total fish intake, and therefore, 
were excluded from the meta-analysis (15, 16, 28). In total, 22 articles 
with a total sample size of 991,913 were included in the current 
meta-analysis.

Total fish intake and risk of prostate cancer

Fifteen studies with a total of 662,505 participants and 27,197 
prostate cancer cases were included in this association (8–10, 13, 
17–20, 23–27, 30, 32). The summary relative risk for the risk of 
prostate cancer, comparing the highest with the lowest intake of total 
fish, was 0.97 (95% CI: 0.86–1.10, p = 0.63), indicating no significant 
association between total fish intake and prostate cancer (Figure 2). 
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However, there was evidence of significant heterogeneity among 
studies (I2 = 78.3%; p < 0.001). In the subgroup analysis, between-study 
heterogeneity reduced in the subgroups of studies performed in the 
US, those studies with <10 years’ duration of follow-up, and studies 
that controlled their analyzes for total energy intake. Findings from 
the meta-regression revealed that our findings on the association 
between fish intake and prostate cancer risk were not different in the 
subgroups of studies (Table 2).

Eleven articles with sufficient data were identified for inclusion in 
the dose–response analysis (9, 10, 13, 17–20, 23–26). The dose–
response analyzes showed no significant linear (P-linearity = 0.27) and 
non-linear (P-nonlinearity = 0.11) association between total fish intake 
and the risk of prostate cancer (Figures 3A,B; Supplementary Table S3).

Total fish intake and advanced prostate 
cancer

Total fish intake in relation to advanced prostate cancer was 
examined in 6 articles that included 190,284 participants and 3,098 
cases of advanced prostate cancer (10, 19, 20, 23, 25, 32). The summary 
relative risk for comparing between the highest and lowest intake of 
total fish did not show a significant association between total fish 
intake and advanced prostate cancer (pooled relative risk: 1.01, 95% 

CI: 0.91–1.13, p = 0.84; Figure  4). No evidence of significant 
heterogeneity was found among the studies (I2 = 0.0%; p = 0.84). In the 
subgroup analyzes, heterogeneity among the studies was low among 
all subgroups. In addition, based on the meta-regression, we found no 
significant difference among the subgroups of studies in terms of the 
association between fish intake and the risk of advanced prostate 
cancer (Table 2).

Based on the dose–response analyzes on 4 articles with complete 
data (10, 19, 20, 23), no linear association was found between total fish 
consumption and risk of advanced prostate cancer (P-linearity = 0.99; 
Figure 3C). However, we found evidence of a non-linear association 
(P-nonlinearity = 0.03) so that the risk of advanced prostate cancer 
increased from zero to 30 gram/day fish intake, and then, we observed 
a risk reduction from 30 gram/day to higher amounts. It should 
be noted that the risk reduction of advanced prostate cancer was not 
statistically significant in all dosages of fish intake (Figure  3D; 
Supplementary Table S3).

Total fish intake and prostate cancer 
mortality

Seven articles with a total of 361,154 participants and 2,062 cases 
of death due to prostate cancer presented data on the association 

FIGURE 1

Flow diagram of study selection. PC, prostate cancer.
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TABLE 1 Characteristics of included studies on the associations between fish intake and risk of prostate cancer in men aged ≥18 years1.

Author Country/
study 
name

Age 
(y2)

Sample 
size (n)

Follow 
up (y3)

Case 
(n)

Exposure Exposure 
assessment

Outcome Outcome 
assessment

(Median/ 
cutoff 
point)

ES (95% CI) Adjustment

Allen et al. 

(8)

Japan/LSSC 40–

75

18,115 33 196 Fish FFQ: self-

reported

PC Medical records <2 time/wk.

2–4 time/wk.

Daily

1.00

RR: 1.18 (0.83–1.67)

RR: 1.54 (1.03–2.31)

Age, calendar period, city of 

residence, radiation dose, 

education

31 153 Broiled fish <2 time/wk.

2–4 time/wk.

Daily

1.00

RR: 1.22 (0.87–1.72)

RR: 1.25 (0.48–3.28)

17 153 Total fish Low

Intermediate

High

1.00

RR: 1.19 (0.82–1.73)

RR: 1.77 (1.01–3.11)

Allen et al. 

(9)

Europe/EPIC 33–

67

142,520 15 2,727 Total fish FFQ/diet history:

self-reported/ 

interview

PC Medical records/ 

self-reported

13 g/d

13 g/d

17 g/d

25 g/d

43 g/d

1.00

HR: 1.00 (0.87–1.14)

HR: 1.09 (0.96–1.25)

HR: 1.02 (0.90–1.17)

HR: 1.05 (0.91–1.20)

Education, marital status, 

height, weight, intake of 

energy

2,021 White fish 9 g/d

13 g/d

16 g/d

20 g/d

32 g/d

1.00

HR: 1.08 (0.91–1.27)

HR: 0.97 (0.83–1.13)

HR: 0.99 (0.86–1.14)

HR: 1.03 (0.90–1.18)

2,727 Fatty fish 34 g/d

90 g/d

200 g/d

265 g/d

466 g/d

1.00

HR: 1.04 (0.91–1.19)

HR: 1.05 (0.94–1.19)

HR: 1.03 (0.92–1.17)

HR: 1.07 (0.95–1.21)

Augustsson 

et al. (10)

US/HPFS 40–

75

47,882 12 2,482 Total fish FFQ: self-

reported

PC Self-reported 4.30 g/d

15.7 g/d

53.5 g/d

75.0 g/d

1.00

RR: 1.05 (0.91–1.21)

RR: 1.06 (0.93–1.20)

RR: 0.93 (0.80–1.08)

Age, dietary intakes of energy, 

fatty acids, lycopene, retinol, 

and vitamin D, physical 

activity

617 Advanced PC 4.30 g/d

15.7 g/d

53.5 g/d

75.0 g/d

1.00

RR: 1.05 (0.79–1.39)

RR: 1.14 (0.88–1.46)

RR: 0.83 (0.61–1.13)

278 Metastatic PC 4.30 g/d

15.7 g/d

53.5 g/d

75.0 g/d

1.00

RR: 0.71 (0.48–1.06)

RR: 0.82 (0.58–1.16)

RR: 0.56 (0.37–0.86)
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(n)

Exposure Exposure 
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Outcome Outcome 
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(Median/ 
cutoff 
point)

ES (95% CI) Adjustment

Bosire et al. 

(11)

US/NIH-

AARP

50–

71

293,464 11 428 Total fish FFQ: self 

-reported

Fatal PC Medical records 49.5 g/d

148 g/d

1.00

HR: 0.79 (0.65–0.96)

Age, race, education, BMI, 

smoking, physical activity, 

family history of PC, diabetes, 

intake of energy, history of 

PSA screening, and all other 

components in the specific 

index

Chan et al. 

(12)

US/HPFS 40–

75

1,202 14 392 Total fish FFQ: self 

-reported

PC 

progression

Medical records Q1

Q2

Q3

Q4

1.00

HR: 1.01 (0.76–1.35)

HR: 0.94 (0.69–1.29)

HR: 0.73 (0.52–1.02)

Age, energy intake, pre-

diagnostic diet, all other 

post-diagnostic food groups

Chavarro 

et al. (13)

US/PHS 40–

84

20,167 23 2,161 Total fish FFQ: self 

-reported

PC Self-reported 15 g/d

33 g/d

61.5 g/d

145.5 g/d

1.00

RR: 1.04 (0.91–1.18)

RR: 0.98 (0.87–1.10)

RR: 1.11 (0.95–1.30)

Age, BMI, physical activity, 

intake of alcohol, tomato, 

dairy products, smoking, race, 

use of multivitamins, vitamin 

E supplements, random 

assignment to aspirin or 

beta-carotene, tumor stage 

and grade at diagnosis, 

clinical presentation of case

Canned tuna < 1 time/mo

1–3 time/mo

1 time/wk.

≥ 2 time/wk

1.00

RR: 1.01 (0.91–1.12)

RR: 1.00 (0.89–1.13)

RR: 1.12 (0.95–1.31)

Dark meat 

fish

< 1 time/mo

1–3 time/mo

≥ 1 time/wk

1.00

RR: 0.99 (0.91–1.09)

RR: 0.91 (0.79–1.05)

Other fish < 1 time/mo

1–3 time/mo

1 time/wk.

≥ 2 time/wk

1.00

RR: 1.14 (0.99–1.31)

RR: 1.09 (0.94–1.26)

RR: 1.33 (1.13–1.58)
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ES (95% CI) Adjustment

Shrimp, 

lobster, 

scallops

< 1 time/mo

1–3 time/mo

≥ 1 time/wk

1.00

RR: 1.00 (0.91–1.09)

RR: 0.93 (0.80–1.08)

2,161 230 Total fish PC mortality Medical records 15 g/d

33 g/d

61.5 g/d

145.5 g/d

1.00

RR: 0.73 (0.50–1.08)

RR: 0.76 (0.54–1.08)

RR: 0.52 (0.30–0.91)

Canned tuna < 1 time/mo

1–3 time/mo

1 time/wk.

≥ 2 time/wk

1.00

RR: 0.65 (0.47–0.89)

RR: 0.85 (0.58–1.25)

RR: 0.57 (0.33–0.99)

Dark meat 

fish

< 1 time/mo

1–3 time/mo

≥ 1 time/wk

1.00

RR: 0.76 (0.57–1.02)

RR: 0.64 (0.39–1.04)

Other fish < 1 time/mo

1–3 time/mo

1 time/wk.

≥ 2 time/wk

1.00

RR: 0.66 (0.45–0.98)

RR: 0.70 (0.47–1.03)

RR: 0.58 (0.35–0.97)

Shrimp, 

lobster, 

scallops

< 1 time/mo

1–3 time/mo

≥ 1 time/wk

1.00

RR: 0.85 (0.63–1.15)

RR: 1.10 (0.72–1.67)

Hsing et al. 

(14)

US/LBC ≥35 17,633 20 149 Total fish Researcher-made 

questionnaire: 

self-reported

Fatal PC Medical records 4 g/d

6 g/d

14.5 g/d

25.5 g/d

1.00

RR: 1.10 (0.70–1.60)

RR: 0.90 (0.60–1.40)

RR: 0.80 (0.50–1.30)

Age, tobacco use

Kenfield 

et al. (15)

US/HPFS 40–

75

42,701 20 576 Fatty fish FFQ: self-

reported

Lethal PC Self-reported 1 serv/wk.

≥1 serv/wk

1.00

HR: 0.83 (0.64–1.07)

Age, race, diabetes, use of 

multivitamin, vitamin E, 

random assignment statusUS/PHS 40–

84

20,324 23 337 1 serv/wk.

≥1 serv/wk

1.00

HR: 0.80 (0.57–1.14)

(Continued)
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Lan et al. 

(16)

US/NIH-

AARP

50–

71

159,482 14 17,349 Canned tuna FFQ: self-

reported

PC Medical records ≤11 time/y

3 time/mo

1–2 time/wk.

≥3 time/wk

1.00

HR: 1.02 (0.98–1.06)

HR: 1.03 (0.99–1.08)

HR: 0.95 (0.87–1.03)

Age, intake of energy, race, 

family history of PC, 

education, marital status, 

smoking, waist circumference, 

BMI, physical activity, PSA 

and digital rectal examination 

screening history, diabetes, 

father’s occupation, height, 

intake of grains, vegetables, 

fruits, potatoes, dairy 

products and sweets, animal 

products, alcohol

2,297 Advanced PC ≤11 time/y

3 time/mo

1–2 time/wk.

≥3 time/wk

1.00

HR: 0.97 (0.87–1.07)

HR: 1.08 (0.96–1.21)

HR: 1.01 (0.81–1.25)

804 Fatal PC ≤11 time/y

3 time/mo

1–2 time/wk.

≥3 time/wk

1.00

HR: 0.94 (0.79–1.12)

HR: 1.00 (0.81–1.23)

HR: 1.03 (0.71–1.49)

Le 

Marchand 

et al. (17)

US/NR NR 20,316 14 198 Total fish Researcher-made 

questionnaire: 

interviews

PC Medical records 7 g/d

19 g/d

31 g/d

43 g/d

1.00

RR: 1.10 (0.70–1.70)

RR: 0.90 (0.60–1.30)

RR: 1.20 (0.80–1.80)

Age, race, income

Mills et al. 

(18)

US/AHS ≥25 14,000 6 180 Total fish FFQ: self-

reported

PC Self-reported 0 g/d

10.7 g/d

32.1 g/d

1.00

RR:1.37 (0.95–1.96)

RR: 1.57 (0.88–2.78)

Age, education, intake of 

meat, poultry, beans, legumes 

or peas, citrus fruit, dry fruit, 

nuts, tomatoes, index of fruit

Outzen 

et al. (19)

Denmark/

DDCHC

50–

64

26,749 19 1,886 Total fish FFQ: self 

-reported

PC Medical records 20.85 g/d

34.75 g/d

50.90 g/d

69.30 g/d

1.00

IRR: 1.14(0.99–1.30)

IRR: 1.05 (0.91–1.21)

IRR: 1.12 (0.97–1.29)

BMI, education, smoking, 

participation in sport, intake 

of red and processed meat, 

dairy products, alcohol, 

indicator for alcohol 

abstinence, indicator variable 

for fish intake

Lean fish 12.95 g/d

21.65 g/d

31.85 g/d

43.55 g/d

1.00

IRR: 1.04 (0.90–1.19)

IRR: 1.06 (0.92–1.22)

IRR: 1.09 (0.94–1.27)

Fatty fish 4.70 g/d

10.50 g/d

18.15 g/d

27.65 g/d

1.00

IRR: 1.10 (0.96–1.26)

IRR: 1.09 (0.95–1.26)

IRR: 0.95 (0.82–1.11)
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19 498 Total fish Advanced PC 20.85 g/d

34.75 g/d

50.90 g/d

69.30 g/d

1.00

IRR: 1.15 (0.89–1.47)

IRR: 0.98 (0.76–1.28)

IRR: 1.05 (0.81–1.36)

Lean fish 12.95 g/d

21.65 g/d

31.85 g/d

43.55 g/d

1.00

IRR: 1.04 (0.80–1.34)

IRR: 1.15 (0.89–1.48)

IRR: 0.99 (0.75–1.31)

Fatty fish 4.70 g/d

10.50 g/d

18.15 g/d

27.65 g/d

1.00

IRR: 1.05 (0.81–1.35)

IRR: 1.05 (0.81–1.36)

IRR: 0.91 (0.69–1.20)

20 228 Total fish PC mortality 21.95 g/d

35.25 g/d

51.55 g/d

70.85 g/d

1.00

MRR:0.56(0.37–0.84)

MRR:0.88(0.61–1.25)

MRR:0.94(0.66–1.35)

Lean fish 13.70 g/d

22.10 g/d

32.15 g/d

43.85 g/d

1.00

MRR:1.03(0.71–1.48)

MRR:0.77(0.52–1.14)

MRR:0.76(0.50–1.14)

Fatty fish 5.30 g/d

10.90 g/d

18.15 g/d

27.05 g/d

1.00

MRR:0.91(0.61–1.35)

MRR:1.06(0.72–1.57)

MRR:1.29(0.87–1.92)
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Park et al. 

(20)

US/

MCS

≥45 82,483 8 4,404 Total fish FFQ: self -report PC Medical records 2.76 g/d

8.97 g/d

15.18 g/d

23.23 g/d

4.94 g/d

1.00

RR: 1.09 (0.99–1.20)

RR: 1.05 (0.95–1.16)

RR: 1.11 (1.00–1.22)

RR: 1.04 (0.93–1.15)

Time on study, race, family 

history of PC, education, BMI, 

smoking, intake of energy

Shellfish 0.05 g/1000 kcal

0.46 g/1000 kcal

1.38 g/1000 kcal

2.60 g/1000 kcal

5.10 g/1000 kcal

1.00

RR: 0.93 (0.84–1.02)

RR: 0.96 (0.87–1.05)

RR: 0.99 (0.90–1.09)

RR: 1.00 (0.91–1.10)

1,278 Total fish Advanced PC 2.76 g/d

8.97 g/d

15.18 g/d

23.23 g/d

4.94 g/d

1.00

RR: 1.11 (0.93–1.33)

RR: 1.04 (0.87–1.26)

RR: 1.15 (0.95–1.39)

RR: 1.01 (0.82–1.23)

Shellfish 0.05 g/1000 kcal

0.46 g/1000 kcal

1.38 g/1000 kcal

2.60 g/1000 kcal

5.10 g/1000 kcal

1.00

RR: 0.89 (0.75–1.06)

RR: 0.92 (0.77–1.10)

RR: 1.02 (0.86–1.22)

RR: 0.97 (0.80–1.17)

Pham et al. 

(21)

Japan/

Miyako 

Study

30–

79

5,589 17 21 Total fish Researcher- 

made 

questionnaire: 

self-reported

PC mortality Medical records 10 g/d

96 g/d

1.00

HR: 0.12 (0.05–0.32)

Age, smoking, diabetes, 

employment status, living 

with spouse and study area, 

intake of alcohol, vegetable, 

fruit, meat

Richman 

et al. (22)

US/

CaPSURE

65 1,294 13 127 Total fish FFQ: self-

reported

PC 

progression

Medical records 8.57 g/d

27.85 g/d

40.71 g/d

92.14 g/d

1.00

RR: 0.78 (0.45–1.37)

RR: 1.07 (0.65–1.73)

RR: 1.13 (0.70–1.84)

Age, intake of energy, time 

from diagnosis to 

questionnaire, primary 

treatment, BMI, physical 

activity, Gleason sum and PSA
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Rohrmann 

et al. (23)

US/

CLUE II 

cohort study

≥35 3,892 15 199 Total fish FFQ: self-

reported

PC Medical records 21.42 g/d

64.20 g/d

128 g/d

1.00

HR: 1.12 (0.75–1.67)

HR: 0.86 (0.44–1.67)

Age, BMI, intake of energy, 

saturated fat, tomato products

54 Advanced PC 21.42 g/d

64.20 g/d

128 g/d

1.00

HR: 1.05 (0.47–2.38)

HR: 0.92 (0.27–3.21)

74 Localized PC 21.42 g/d

64.20 g/d

128 g/d

1.00

HR: 0.85 (0.41–1.72)

HR: 0.62 (0.19–2.06)

Sato et al. 

(24)

Japan/

ONHICS

40–

79

24,895 7 95 Total fish FFQ: self-

reported

PC Medical records 13.1 g/d

39.8 g/d

77.1 g/d

124.5 g/d

1.00

HR: 0.92 (0.48–1.76)

HR: 0.73 (0.42–1.28)

HR: 0.72 (0.40–1.33)

Age, drinking status, smoking, 

walking, BMI, marital status, 

intake of energy, calcium, 

beef, pork, soybean, tomato, 

green tea

Schuurman 

et al. (25)

Netherlands/

NLCS

55–

69

2,167 6 642 Total fish FFQ: self-

reported

PC Medical records 0 g/d

5 g/d

14 g/d

32 g/d

1.00

RR: 0.83 (0.62–1.11)

RR: 0.95 (0.70–1.29)

RR: 1.03 (0.80–1.34)

Age, family history of PC, 

socioeconomic status

226 Localized PC 0 g/d

25 g/d

1.00

RR: 0.85 (0.58–1.24)

213 Advanced PC 0 g/d

25 g/d

1.00

RR: 1.13 (0.78–1.58)

Severson 

et al. (26)

US/NR ≥45 7,999 21 174 Total fish FFQ/dietary 

recall: interview

PC Medical records 21.42 g/d

64.20 g/d

128 g/d

1.00

RR: 0.84 (0.61–1.17)

RR: 1.22 (0.74–2.01)

Age

Terry et al. 

(27)

Swedish/

Swedish 

cohort

55.6 6,272 30 466 Total fish Researcher-made 

questionnaire: 

self-reported

PC Medical records Never/seldom

Small part

Moderate part

Large part

Never/seldom

Small part

Moderate part

Large part

RR: 2.30 (1.20–4.50)

RR: 1.20 (1.00–1.40)

1.00

RR: 1.00 (0.70–1.60)

Age, BMI, physical activity, 

smoking, intake of alcohol, 

red meat, processed meat, 

fruit, vegetables, and milk

340 PC mortality RR: 3.30 (1.80–6.00)

RR: 1.30 (1.00–1.60)

1.00

RR: 0.90 (0.60–1.70)
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Torfadottir 

et al. (28)

Iceland/

AGES-

Reykjavik 

study

67–

96

2,054 7 133 Salted or 

smoked fish

FFQ: self-

reported

PC Medical records ≤1 times/mo

>1 times/mo

1.00

HR: 0.99 (0.69–1.42)

Birth year, age, education, 

family history of prostate 

disease, going to a physician 

regularly, height, BMI, 

diabetes, intake of total fish, 

fish oil, salted or smoked fish, 

milk, rye bread, meat

67–

96

27 Salted or 

smoked fish

Advanced PC ≤1 times/mo

>1 times/mo

1.00

HR: 2.28 (1.04–5.00)

67–

96

106 Salted or 

smoked fish

Localized PC ≤1 times/mo

>1 times/mo

1.00

HR: 0.63 (0.40–1.00)

Wang et al. 

(29)

US/ CPS-II 72.1 9,286 24 666 Total fish FFQ: self-

reported

PC mortality Medical records 4 g/d

21.4 g/d

34 g/d

64 g/d

1.00

RR: 0.92 (0.73–1.15)

RR: 0.92 (0.74–1.15)

RR: 0.87 (0.69–1.09)

Age, calendar year of 

diagnosis, tumor extent, 

Gleason score, nodal 

involvement, education, 

family history of PC, history 

of PSA testing, BMI, smoking, 

physical activity, diabetes, 

intake of energy, fruit, 

vegetable, history of CVD and 

other cancer

Watling 

et al. (30)

UK/ UK 

biobank

40–

70

217,937 13 9,501 Total fish Researcher-made 

questionnaire: 

self-reported

PC Medical records Regular meat-

eaters

Low meat-eaters

Fish-eaters

Vegetarians

1.00

HR: 1.00 (0.96–1.04)

HR: 0.80 (0.65–0.98)

HR: 0.70 (0.55–0.90)

Region of recruitment, height, 

physical activity, TDI, 

education, employment status, 

smoking, intake of alcohol, 

race, diabetes, BMI, marital 

status, PSA test

TABLE 1 (Continued)
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Author Country/
study 
name

Age 
(y2)

Sample 
size (n)

Follow 
up (y3)

Case 
(n)

Exposure Exposure 
assessment

Outcome Outcome 
assessment

(Median/ 
cutoff 
point)

ES (95% CI) Adjustment

Wilson 

et al. (31)

US / WUGS 61 940 7 94 Total fish FFQ: self-

reported

PC 

progression

Medical records 5 g/d

13 g/d

25 g/d

50 g/d

1.00

HR: 0.93 (0.50–1.74)

HR: 0.94 (0.51–1.72)

HR: 0.83 (0.43–1.63)

Age, race, family history of 

PC, BMI, smoking, physical 

activity, clinical stage, 

pathological stage, Gleason 

sum, PSA, intake of energy, 

total calcium, cooked tomato 

products, coffee

Fried fish 0 g/d

2 g/d

5 g/d

17 g/d

1.00

HR: 1.72 (0.76–3.89)

HR: 1.59 (0.76–3.35)

HR: 1.49 (0.70–3.21)

Not Fried fish 0 g/d

2 g/d

4 g/d

16 g/d

1.00

HR: 0.77 (0.39–1.52)

HR: 0.68 (0.35–1.29)

HR: 0.78 (0.44–1.40)

Wright et al. 

(32)

Finland/

ATBC Study

50–

69

27,111 21 1,929 Total fish FFQ: self-

reported

PC Medical records Q1

Q2

Q3

Q4

1.00

RR: 0.99 (0.88–1.12)

RR: 0.87 (0.76–0.98)

RR: 0.90 (0.79–1.02)

Age, smoking, trial 

intervention assignment, 

education, intake of energy, 

dietary fat

438 Advanced PC Q1

Q2

Q3

Q4

1.00

RR: 1.12 (0.86–1.47)

RR: 1.08 (0.82–1.41)

RR: 1.02 (0.78–1.35)

1PC, prostate cancer; ES, effect size; RR, risk ratio; Max, maximum; n, number; CI, confidence interval; FFQ, food frequency questionnaire; BMI, body mass index; US, United States; NR, Not-Reported; wk, week; LSSC, Life Span Study Cohort; EPIC, European 
Prospective Investigation into Cancer and Nutrition; HPFS, Health Professional Follow-up Study; NIH-AARP, National Institutes of Health-American Association of Retired Persons; PHS, Physicians’ Health Study; LBC, Lutheran Brotherhood Cohort; DDCHC, 
Danish ‘Diet, Cancer and Health’ cohort; PSA, Prostate-Specific Antigen; CaPSURE, cancer of the prostate strategic urologic research endeavor; AHS, Adventist Health Study; ONHICS, Osaki National Health Insurance Cohort Study; MCS, Multiethnic Cohort study; 
NLCS, Netherlands Cohort Study; HR, hazard ratio; CVD, Cardiovascular Disease; d, day; y, year; mo, month. AGES-Reykjavik Study, Age, Gene/Environment Susceptibility–Reykjavik Study; CPS-II, Cancer Prevention Study-II; TDI, Townsend Deprivation Index; 
UK, United Kingdom; WUGS, Washington University Genetics Study; OR, odd ratio; ATBC Study, Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study; Q, quartile; g/d, gram(s) per day; g/wk, gram(s) per week; serv, serving; IRR, incidence rate ratio; MRR, 
mortality rate ratio. 2Presented as mean or range. 3Presented as maximum duration of follow-up.
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between total fish intake and risk of prostate cancer mortality (11, 13, 
14, 19, 21, 27, 29). Combining relative risks of prostate cancer mortality, 
comparing the highest and lowest intakes of total fish, we found a 
significant inverse association between total fish intake and risk of 
prostate cancer mortality (pooled relative risk: 0.55, 95% CI: 0.33–0.92, 
p = 0.02, I2 = 96.6%; p < 0.001; Figure 5). In the subgroup analyzes, the 
observed heterogeneity reduced in some subgroups including studies 
that were conducted in the US, those that had a sample size of ≥10,000 
participants, studies with high quality, and those that adjusted for total 
energy intake (Table 2). In addition, the meta-regression showed a 
significant difference between the subgroups of studies’ quality 
(p < 0.001) so the significant inverse association between fish intake 
and risk of prostate cancer mortality was stronger among low-quality 
studies compared with those with high quality (Table 2). However, the 
inverse association was significant in both subgroups.

Six articles had sufficient data for inclusion in the dose–response 
analysis (11, 13, 14, 19, 21, 29). We found a non-significant linear 
association between total fish intake and prostate cancer mortality 
(Figure 3E; P-linearity = 0.08) so that each 10 gram/day increase in 
total fish intake was associated with a 6% (pooled relative risk: 0.94, 

95% CI: 0.87–1.00, p = 0.08) and each 20 gram/day increase in total 
fish intake was associated with a 12% (pooled relative risk: 0.88, 95% 
CI: 0.77–1.01, p = 0.08) lower risk of death due to prostate cancer. 
In terms of the non-linear dose–response analysis, we  found no 
evidence of non-linearity (P-nonlinearity = 0.12; Figure  3F; 
Supplementary Table S3).

Total fish intake and other outcomes

Three studies with a total of 3,436 participants and 613 cases of 
prostate cancer progression assessed the association between total fish 
intake and prostate cancer progression (12, 22, 31). The summary 
relative risk for comparing the highest with the lowest intakes of total 
fish showed no significant association in this regard (pooled relative 
risk: 0.84, 95% CI: 0.65–1.10, p = 0.21, I2 = 5.4%; p = 0.35; Figure  6). 
Regarding localized prostate cancer, we found 2 articles that included 
6,059 participants and 300 cases of localized prostate cancer (23, 25). 
Combining relative risks from these articles, we found no significant 
association between total fish intake and localized prostate cancer 

FIGURE 2

Forest plot for the association between total fish intake and risk of prostate cancer in men aged ≥18 years by comparing the highest and lowest 
categories of fish intake. The pooled RR was obtained using a random-effects model. RR, relative risk; CI, confidence interval.
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TABLE 2 Subgroup analyzes for the associations between fish intake and risk of prostate cancer in men aged ≥18 years1.

#RR2 Pooled RR (95% 
CI)3

I2 (%)4 p-values

heterogeneity5 Meta-regression

Total prostate cancer

Overall 15 0.97 (0.86–1.10) 78.3 <0.001

Subgroup analysis

Study location 0.23

US 7 1.04 (0.97–1.12) 0.0 0.43

Non-US countries 8 0.90 (0.73–1.10) 87.0 <0.001

Sample size, participants 0.13

<10,000 4 0.81 (0.46–1.42) 89.3 <0.001

≥10,000 11 1.02 (0.93–1.11) 52.9 0.02

Follow-up, year 0.64

<10 4 1.04 (0.92–1.18) 12.1 0.33

≥10 11 0.95 (0.81–1.11) 83.1 <0.001

Adjustment for energy 

intake

0.68

No 9 1.02 (0.80–1.29) 86.5 <0.001

Yes 6 0.98 (0.91–1.05) 9.0 0.36

Adjustment for BMI 0.16

No 7 1.04 (0.90–1.20) 44.4 0.09

Yes 8 0.89 (0.73–1.07) 87.0 <0.001

Study quality6 0.47

Low quality 4 0.91 (0.55–1.51) 93.2 <0.001

High quality 11 1.00 (0.92–1.09) 44.9 0.05

Advanced Prostate 

Cancer

Overall 6 1.01 (0.91–1.13) 0.0 0.84

Subgroup analysis

Study location 0.41

US 3 0.95 (0.80–1.13) 0.0 0.58

Non-US countries 3 1.06 (0.92–1.21) 0.0 0.95

Sample size, participants 0.54

<10,000 2 1.08 (0.87–1.33) 0.0 0.80

≥10,000 4 0.99 (0.87–1.12) 0.0 0.67

Follow-up, year 0.57

<10 2 1.04 (0.90–1.21) 0.0 0.65

≥10 4 0.97 (0.83–1.14) 0.0 0.69

Adjustment for energy 

intake

0.43

No 2 1.07 (0.91–1.26) 0.0 0.87

Yes 4 0.97 (0.84–1.12) 0.0 0.74

Adjustment for BMI 0.85

No 3 1.00 (0.86–1.16) 0.0 0.38

Yes 3 1.02 (0.87–1.20) 0.0 0.96

Study quality6 0.52

(Continued)
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(pooled relative risk: 0.90, 95% CI: 0.72–1.12, p = 0.34, I2 = 0.0%; p = 0.53; 
Figure 6). Since there was a limited number of studies in terms of 
localized prostate cancer and prostate cancer progression, performing 
the subgroup analyzes and dose–response analyzes was not possible.

Sensitivity analyzes and publication bias

Sensitivity analyzes based on a random-effects model showed that 
excluding any single study from the analyzes did not alter the pooled 
relative risks. We  conducted the Egger’s test for the association 
between total fish intake and risk of overall prostate cancer with ≥10 
effect sizes and found no substantial publication bias for this 
association (p = 0.92). For other associations, due to a limited number 
of studies, we did not assess the publication bias.

Discussion

In the present study, we found a significant inverse association 
between total fish intake and prostate cancer mortality so that each 

10 or 20 gram/day increase in total fish intake was associated with a 
6% or 12% lower risk of prostate cancer mortality. Regarding total, 
advanced, and localized prostate cancer as well as prostate cancer 
progression, no significant association was found with total 
fish intake.

Prostate cancer is one of the most common causes of death 
among men (1). Recently, it has been shown that dietary factors are 
involved in the etiology of prostate cancer (74). Among them, fish 
intake has received great attention because this food group contains 
a high amount of long-chain omega-3 fatty acids that are proposed 
to have anti-cancer effects (75). However, findings of cohort studies 
on the association between fish consumption and prostate cancer are 
inconclusive (9, 10, 18, 20, 27, 30). In the current meta-analysis, 
despite the non-significant association between total fish intake and 
risk of total prostate cancer, we found a significant inverse association 
for prostate cancer mortality. Similar to our findings, a meta-analysis 
conducted by Szymanski in 2010 showed that fish consumption was 
significantly associated with a reduced risk of prostate cancer 
mortality (41). Furthermore, based on the World Health Organization 
(WHO), the incidence of prostate cancer mortality among 
Mediterranean countries, where fish intake is very high, was lower 

#RR2 Pooled RR (95% 
CI)3

I2 (%)4 p-values

heterogeneity5 Meta-regression

Low quality 1 1.08 (0.87–1.34) - -

High quality 5 0.99 (0.87–1.12) 0.0 0.82

Prostate Cancer Mortality

Overall 7 0.55 (0.33–0.92) 96.6 <0.001

Subgroup analysis

Study location 0.20

US 4 0.80 (0.70–0.92) 0.0 0.42

Non-US countries 3 0.35 (0.14–0.89) 95.2 <0.001

Sample size, participants 0.16

<10,000 4 0.39 (0.19–0.80) 96.3 <0.001

≥10,000 3 0.82 (0.70–0.96) 0.0 0.70

Adjustment for energy 

intake

0.33

No 5 0.45 (0.24–0.86) 93.1 <0.001

Yes 2 0.82 (0.71–0.95) 0.0 0.53

Adjustment for BMI 0.40

No 2 0.32 (0.05–2.07) 92.1 <0.001

Yes 5 0.63 (0.35–1.15) 97.5 <0.001

Study quality6 <0.001

Low quality 3 0.30 (0.17–0.52) 73.4 0.02

High quality 4 0.84 (0.73–0.95) 0.0 0.83

Prostate cancer progression

Overall 3 0.84 (0.65–1.10) 5.4 0.35

Localized prostate cancer

Overall 2 0.90 (0.72–1.12) 0.0 0.53

1BMI, body mass index; CI, confidence interval; RR, Relative Risk; US, United States. 2Number of risk estimates. 3Obtained from the random-effects model. 4Inconsistency- the percentage of 
variation across studies due to heterogeneity. 5Obtained from the Q-test. 6Studies with a median score of 7 or more, based on the NOS, were considered as a high-quality study.
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than in African countries and North America (1). Also, in the 
National Health and Nutrition Examination Survey (NHANES), Patel 
et al. reported that dietary intakes of fish or omega-3 polyunsaturated 
fatty acids (PUFAs) were inversely associated with serum levels of 
prostate-specific antigen (PSA) in men (76). It is well-known that 
higher levels of PSA among patients with prostate cancer are 
associated with severe outcomes including a higher risk of mortality 
(77). In contrast with our findings, in a 2017 meta-analysis, Dai et al. 
reported that high fish consumption had no significant association 
with the risk of prostate cancer incidence and its mortality (40). 
However, some methodological problems in the Dai et  al. 

meta-analysis make their results misleading. For instance, they 
combined the risk of cancer incidence with the risk of mortality. In 
addition, they included an ineligible study (42) which was a review 
of previous studies, not an original article. Moreover, Dai et  al. 
combined the risk estimates from cohort studies with those from 
case–control studies that contain different biases.

In the dose–response analyzes, although we  found no 
evidence of a significant non-linear association between fish 
intake and risk of prostate cancer mortality, a significant inverse 
association was seen in the dosages of 25 to 100 gram/day. On the 
other hand, we found no significant association at the dosages of 

FIGURE 3

Linear and non-linear dose–response association of total fish intake (based on gr/day) with risk of prostate cancer (A,B), advanced prostate cancer 
(C,D), and prostate cancer mortality (E,F) in men aged ≥18  years. The solid lines indicate the spline model. The dashed lines present the 95% 
confidence interval; PC, prostate cancer; RR, relative risk.
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>100 gram/day. However, it must be  kept in mind that the 
estimated risk of prostate cancer mortality continued to decline 
after 100 gram/day, but the variability increased likely due to few 
studies having data at those ranges (>100 gram/day). Therefore, 
the lack of significant inverse association at the dosages of >100 
gram/day fish intake is misleading and further studies should 
be done to assess the associations of these dosages with the risk 
of prostate cancer mortality.

In the current meta-analysis, no significant association was found 
between total fish intake and the risk of total and advanced prostate 
cancer in men. Similar to our findings, two previous meta-analyzes 
reported such findings for total fish intake (40, 41). In the Sung et al. 
study, comparing the incidence of prostate cancer between 
Mediterranean and non-Mediterranean countries, they found no 
considerable difference (1). In addition, the lack of significant 
association was also reported in studies investigating the effects of 
omega-3 supplementation. Brouwer et al. reported that alpha-linolenic 
acid (ALA) supplementation had no significant effect on serum PSA 
levels in men without prostate cancer (78). In another clinical trial, 

Hamazaki et al. showed that daily consumption of 2,400 milligram of 
eicosapentaenoic acids (EPA) for 12 weeks did not have any significant 
effects on serum PSA levels in healthy men (79). In another similar 
study, prostate cancer patients taking 2.4 gram/day of EPA did not 
have a different PSA recurrence rate compared to the control group 
(80). The lack of significant association between long-chain omega-3 
fatty acids supplementation and the risk of prostate cancer was also 
reported in a prospective study (81).

In total, it seems that fish intake and omega-3 fatty acid intake 
have no significant effect on prostate cancer incidence; however, 
we found a protective association between fish intake and prostate 
cancer mortality. The observed disparity between prostate cancer 
incidence and its mortality might be  explained by the effect of 
omega-3 fatty acids on the response of prostate cancer to ablation 
therapy. Previous studies confirmed that dietary omega-3 PUFAs 
increase the omega-3 content of prostate tumors (82). This effect may 
enhance the response of prostate cancer to ablation therapy and retard 
progression to androgen-independent growth (82). This mechanism 
was in line with findings from a trial on other sex-hormone-related 

FIGURE 4

Forest plot for the association between total fish intake and risk of advanced prostate cancer in men aged ≥18 years by comparing the highest and 
lowest categories of fish intake. The pooled RR was obtained using a random-effects model. RR, relative risk; CI, confidence interval.
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cancer, in which omega-3 fatty acid supplementation (1 gram/day) 
improved overall survival and progression-free survival in  locally 
advanced breast cancer patients under chemotherapy (83). Also, 
omega-3 PUFAs can interact with androgens, the main risk factor of 
prostate cancer, through their reducing effects on the levels of 
cholesterol. Cholesterol is the main precursor of androgens and other 
sex hormones (84). Omega-3 PUFAs inhibit the production of 
pro-inflammatory prostaglandins and hydroxyeicosatetraenoic acid 
(HETE) via the down-regulation of cyclooxygenase and lipoxygenase 
(33). 5-HETE stimulates proliferation and inhibits apoptosis of 
prostate cancer cells (85, 86). 12-HETE increases the 
neovascularization and proliferation of prostatic tumors (85, 86). The 
anti-inflammatory pathways may inhibit cell proliferation and 
angiogenesis in prostatic tumors and therefore reduce the cancer 
progression and then the risk of mortality (13, 87).

In the current meta-analysis, some included studies reported a 
significant inverse association between fish intake and prostate cancer 
(27, 30), while others found no significant association (9, 10, 13, 17–20, 

23–26, 32). This inconsistency among the included studies might 
be explained by the different health benefits of different fishes. For 
instance, farmed fish contain lower levels of long-chain omega-3 fatty 
acids than ocean fish (88). Different types of exposures among included 
studies may further explain the inconsistency. In some studies, canned 
tuna was not included in total fish intake (23, 29), but in some others 
was included (10, 12, 22). However, in most studies included in the 
current meta-analysis, the components of total fish intake were unclear. 
Furthermore, different cooking and processing methods used for the 
preparation of fish foods may justify the inconsistency.

The current meta-analysis had some strengths. To the best of our 
knowledge, this was the first dose–response meta-analysis exploring 
the association between total fish intake with the risk of prostate 
cancer. Previous meta-analyzes have mainly focused on the 
comparison between the highest and lowest intakes of fish intake. All 
studies included in the current meta-analysis had a prospective design. 
Prospective designs can alter the possibility of recall or selection bias 
which could be the subject of concern in case–control studies. Also, 

FIGURE 5

Forest plot for the association between total fish intake and risk of prostate cancer mortality in men aged ≥18 years by comparing the highest and 
lowest categories of fish intake. The pooled RR was obtained using a random-effects model. RR, relative risk; CI, confidence interval.
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despite the significant heterogeneity observed for some associations, 
we  could find potential sources of heterogeneity in the subgroup 
analyzes. In addition, we used a random-effects model for the meta-
analysis that takes the heterogeneity into account.

Despite the above-mentioned strengths, our study had some 
limitations that should be considered when interpreting the findings. 
First, although included studies controlled their analysis for several 
confounders, residual or unmeasured confounding factors may have 
affected the magnitude of the association between total fish intake and 
the risk of prostate cancer. Moreover, some studies did not adjust for 
total energy intake as a key confounding variable. However, based on 
the meta-regression and subgroup analyzes, we found no significant 
difference in our findings between the subgroups of studies with and 
without adjustment for energy intake. Also, the variables adjusted for 
prostate cancer incidence and mortality were different among the 
included studies. This may be  a reason for the different findings 
obtained for incidence and mortality. Second, because of the limited 
number of studies, we  could not assess the different types of fish 
including fatty fish, dark meat fish, white fish, lean fish, Shrimp, and 

scallops in relation to the risk of prostate cancer. Third, in the present 
study, a web-based search was performed in Google Scholar, but only 
the first 500 articles were retrieved. Therefore, missing articles in this 
search engine were unavoidable. Fourth, although most studies used 
a validated instrument for dietary assessment, five studies used a 
non-validated questionnaire for this purpose.

In conclusion, we found that total fish intake was associated with 
a reduced risk of prostate cancer mortality. Also, in the dose–response 
analysis, each 20 gram/day increase in total fish intake was associated 
with a 12% lower risk of death due to prostate cancer. Regarding the 
risk of total, advanced, and localized prostate cancer as well as prostate 
cancer progression, we  found no significant association with fish 
intake either in the highest versus lowest comparison or in the dose–
response meta-analysis. Overall, since we  found no significant 
association between fish consumption and prostate cancer risk, 
we cannot recommend fish intake for prostate cancer prevention. 
We  recommended that further studies, particularly well-designed 
prospective cohort studies, should assess the influence of different 
types of fish or sea foods on prostate cancer risk. In addition, future 

FIGURE 6

Forest plot for the associations of total fish intake with the risk of localized prostate cancer and prostate cancer progression in men aged ≥18 years by 
comparing the highest and lowest categories of fish intake. The pooled RR was obtained using a random-effects model. RR, relative risk; CI, 
confidence interval.
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randomized controlled trials (RCTs) should investigate the effect of 
fish intake on prostate cancer outcomes in affected patients.

Author contributions

NH-E and NE contributed to the literature search. NE and OS 
contributed to data extraction and data analysis and drafted the 
manuscript which was critically revised for important intellectual content 
by all authors. HA contributed to the manuscript editing and obtained 
funding. GA contributed to the manuscript editing. OS supervised the 
study. All authors have read and approved the final manuscript.

Funding

The meta-analysis was financially supported by the Gerash 
University of Medical Sciences, Gerash, Iran. The funder had no role in 
the design and conduct of the study; collection, management, analysis, 
and interpretation of the data; preparation, review, or approval of the 
manuscript; or the decision to submit the manuscript for publication.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and 
do not necessarily represent those of their affiliated organizations, or those 
of the publisher, the editors and the reviewers. Any product that may be 
evaluated in this article, or claim that may be made by its manufacturer, 
is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1221029/
full#supplementary-material

References
 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global 

Cancer statistics 2020: Globocan estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

 2. Cantarero-Prieto D, Lera J, Lanza-Leon P, Barreda-Gutierrez M, Guillem-Porta V, 
Castelo-Branco L, et al. The economic burden of localized prostate Cancer and insights 
derived from cost-effectiveness studies of the different treatments. Cancers (Basel). 
(2022) 14:4088. doi: 10.3390/cancers14174088

 3. Rawla P. Epidemiology of prostate Cancer. World J Oncol. (2019) 10:63–89. doi: 
10.14740/wjon1191

 4. Matsushita M, Fujita K, Nonomura N. Influence of diet and nutrition on prostate 
Cancer. Int J Mol Sci. (2020) 21:1447. doi: 10.3390/ijms21041447

 5. Ferro M, Terracciano D, Buonerba C, Lucarelli G, Bottero D, Perdonà S, et al. The 
emerging role of obesity, diet and lipid metabolism in prostate Cancer. Future Oncol. 
(2017) 13:285–93. doi: 10.2217/fon-2016-0217

 6. Castelló A, Boldo E, Amiano P, Castaño-Vinyals G, Aragonés N, Gómez-Acebo I, 
et al. Mediterranean dietary pattern is associated with low risk of aggressive prostate 
Cancer: mcc-Spain study. J Urol. (2018) 199:430–7. doi: 10.1016/j.juro.2017.08.087

 7. Russo GI, Solinas T, Urzì D, Privitera S, Campisi D, Cocci A, et al. Adherence to 
Mediterranean diet and prostate Cancer risk in Sicily: population-based case-control 
study. Int J Impot Res. (2019) 31:269–75. doi: 10.1038/s41443-018-0088-5

 8. Allen NE, Sauvaget C, Roddam AW, Appleby P, Nagano J, Suzuki G, et al. A 
prospective study of diet and prostate Cancer in Japanese men. Cancer Causes Control. 
(2004) 15:911–20. doi: 10.1007/s10552-004-1683-y

 9. Allen NE, Key TJ, Appleby PN, Travis RC, Roddam AW, Tjønneland A, et al. 
Animal foods, protein, calcium and prostate Cancer risk: the European prospective 
investigation into Cancer and nutrition. Br J Cancer. (2008) 98:1574–81. doi: 10.1038/
sj.bjc.6604331

 10. Augustsson K, Michaud DS, Rimm EB, Leitzmann MF, Stampfer MJ, Willett WC, 
et al. A prospective study of intake of fish and marine fatty acids and prostate Cancer. 
Cancer Epidemiol Biomark Prev. (2003) 12:64–7.

 11. Bosire C, Stampfer MJ, Subar AF, Park Y, Kirkpatrick SI, Chiuve SE, et al. Index-
based dietary patterns and the risk of prostate Cancer in the Nih-Aarp diet and health 
study. Am J Epidemiol. (2013) 177:504–13. doi: 10.1093/aje/kws261

 12. Chan JM, Holick CN, Leitzmann MF, Rimm EB, Willett WC, Stampfer MJ, et al. 
Diet after diagnosis and the risk of prostate Cancer progression, recurrence, and death 
(United States). Cancer Causes Control. (2006) 17:199–208. doi: 10.1007/
s10552-005-0413-4

 13. Chavarro JE, Stampfer MJ, Hall MN, Sesso HD, Ma J. A 22-Y prospective study of 
fish intake in relation to prostate Cancer incidence and mortality. Am J Clin Nutr. (2008) 
88:1297–303. doi: 10.3945/ajcn.2008.26419

 14. Hsing AW, McLaughlin JK, Schuman LM, Bjelke E, Gridley G, Wacholder S, et al. 
Diet, tobacco use, and fatal prostate Cancer: results from the Lutheran brotherhood 
cohort study. Cancer Res. (1990) 50:6836–40.

 15. Kenfield SA, Batista JL, Jahn JL, Downer MK, Van Blarigan EL, Sesso HD, et al. 
Development and application of a lifestyle score for prevention of lethal prostate Cancer. 
J Natl Cancer Inst. (2016) 108:djv329. doi: 10.1093/jnci/djv329

 16. Lan T, Park Y, Colditz GA, Liu J, Sinha R, Wang M, et al. Adolescent animal 
product intake in relation to later prostate Cancer risk and mortality in the 
Nih-Aarp diet and health study. Br J Cancer. (2021) 125:1158–67. doi: 10.1038/
s41416-021-01463-1

 17. Le Marchand L, Kolonel LN, Wilkens LR, Myers BC, Hirohata T. Animal fat 
consumption and prostate Cancer: a prospective study in Hawaii. Epidemiology. (1994) 
5:276–82. doi: 10.1097/00001648-199405000-00004

 18. Mills PK, Beeson WL, Phillips RL, Fraser GE. Cohort study of diet, lifestyle, and 
prostate Cancer in Adventist men. Cancer. (1989) 64:598–604. doi: 
10.1002/1097-0142(19890801)64:3<598::aid-cncr2820640306>3.0.co;2-6

 19. Outzen M, Tjønneland A, Christensen J, Olsen A. Fish consumption and prostate 
Cancer risk and mortality in a Danish cohort study. Eur J Cancer Prev. (2018) 27:355–60. 
doi: 10.1097/cej.0000000000000330

 20. Park SY, Murphy SP, Wilkens LR, Henderson BE, Kolonel LN. Fat and Meat intake 
and prostate Cancer risk: the multiethnic cohort study. Int J Cancer. (2007) 121:1339–45. 
doi: 10.1002/ijc.22805

 21. Pham TM, Fujino Y, Kubo T, Ide R, Tokui N, Mizoue T, et al. Fish intake and the 
risk of fatal prostate Cancer: findings from a cohort study in Japan. Public Health Nutr. 
(2009) 12:609–13. doi: 10.1017/s1368980008003182

 22. Richman EL, Stampfer MJ, Paciorek A, Broering JM, Carroll PR, Chan JM. Intakes 
of Meat, fish, poultry, and eggs and risk of prostate Cancer progression. Am J Clin Nutr. 
(2010) 91:712–21. doi: 10.3945/ajcn.2009.28474

 23. Rohrmann S, Platz EA, Kavanaugh CJ, Thuita L, Hoffman SC, Helzlsouer KJ. Meat 
and dairy consumption and subsequent risk of prostate Cancer in a us cohort study. 
Cancer Causes Control. (2007) 18:41–50. doi: 10.1007/s10552-006-0082-y

 24. Sato F, Shimazu T, Kuriyama S, Ohmori K, Nakaya N, Tsuji I, et al. Fish intake and 
the risk of prostate Cancer in Japan: a prospective cohort study. Nihon Hinyokika Gakkai 
Zasshi. (2008) 99:14–21. doi: 10.5980/jpnjurol1989.99.14

 25. Schuurman AG, van den Brandt PA, Dorant E, Goldbohm RA. Animal products, 
calcium and protein and prostate Cancer risk in the Netherlands cohort study. Br J 
Cancer. (1999) 80:1107–13. doi: 10.1038/sj.bjc.6690472

 26. Severson RK, Nomura AM, Grove JS, Stemmermann GN. A prospective study of 
demographics, diet, and prostate Cancer among men of Japanese ancestry in Hawaii. 
Cancer Res. (1989) 49:1857–60.

 27. Terry P, Lichtenstein P, Feychting M, Ahlbom A, Wolk A. Fatty fish consumption 
and risk of prostate Cancer. Lancet. (2001) 357:1764–6. doi: 10.1016/
s0140-6736(00)04889-3

 28. Torfadottir JE, Valdimarsdottir UA, Mucci LA, Kasperzyk JL, Fall K, Tryggvadottir 
L, et al. Consumption of fish products across the lifespan and prostate Cancer risk. PLoS 
One. (2013) 8:e59799. doi: 10.1371/journal.pone.0059799

https://doi.org/10.3389/fnut.2023.1221029
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1221029/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1221029/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3390/cancers14174088
https://doi.org/10.14740/wjon1191
https://doi.org/10.3390/ijms21041447
https://doi.org/10.2217/fon-2016-0217
https://doi.org/10.1016/j.juro.2017.08.087
https://doi.org/10.1038/s41443-018-0088-5
https://doi.org/10.1007/s10552-004-1683-y
https://doi.org/10.1038/sj.bjc.6604331
https://doi.org/10.1038/sj.bjc.6604331
https://doi.org/10.1093/aje/kws261
https://doi.org/10.1007/s10552-005-0413-4
https://doi.org/10.1007/s10552-005-0413-4
https://doi.org/10.3945/ajcn.2008.26419
https://doi.org/10.1093/jnci/djv329
https://doi.org/10.1038/s41416-021-01463-1
https://doi.org/10.1038/s41416-021-01463-1
https://doi.org/10.1097/00001648-199405000-00004
https://doi.org/10.1002/1097-0142(19890801)64:3<598::aid-cncr2820640306>3.0.co;2-6
https://doi.org/10.1097/cej.0000000000000330
https://doi.org/10.1002/ijc.22805
https://doi.org/10.1017/s1368980008003182
https://doi.org/10.3945/ajcn.2009.28474
https://doi.org/10.1007/s10552-006-0082-y
https://doi.org/10.5980/jpnjurol1989.99.14
https://doi.org/10.1038/sj.bjc.6690472
https://doi.org/10.1016/s0140-6736(00)04889-3
https://doi.org/10.1016/s0140-6736(00)04889-3
https://doi.org/10.1371/journal.pone.0059799


Eshaghian et al. 10.3389/fnut.2023.1221029

Frontiers in Nutrition 23 frontiersin.org

 29. Wang Y, Jacobs EJ, Shah RA, Stevens VL, Gansler T, ML MC. Red and processed 
meat poultry, fish, and egg intakes and cause-specific and all-cause mortality among 
men with nonmetastatic prostate Cancer in a U.S.Cohort. Cancer Epidemiol Biomark 
Prev. (2020) 29:1029–38. doi: 10.1158/1055-9965.Epi-19-1426

 30. Watling CZ, Schmidt JA, Dunneram Y, Tong TYN, Kelly RK, Knuppel A, et al. Risk 
of Cancer in regular and low Meat-eaters, fish-eaters, and vegetarians: a prospective 
analysis of Uk biobank participants. BMC Med. (2022) 20:73. doi: 10.1186/
s12916-022-02256-w

 31. Wilson KM, Mucci LA, Drake BF, Preston MA, Stampfer MJ, Giovannucci E, et al. 
Meat, fish, poultry, and egg intake at diagnosis and risk of prostate Cancer progression. 
Cancer Prev Res (Phila). (2016) 9:933–41. doi: 10.1158/1940-6207.Capr-16-0070

 32. Wright ME, Bowen P, Virtamo J, Albanes D, Gann PH. Estimated Phytanic acid 
intake and prostate Cancer risk: a prospective cohort study. Int J Cancer. (2012) 
131:1396–406. doi: 10.1002/ijc.27372

 33. Calder PC. Marine Omega-3 fatty acids and inflammatory processes: effects, 
mechanisms and clinical relevance. Biochim Biophys Acta. (2015) 1851:469–84. doi: 
10.1016/j.bbalip.2014.08.010

 34. Yang YM, Kim SY, Seki E. Inflammation and liver Cancer: molecular mechanisms 
and therapeutic targets. Semin Liver Dis. (2019) 39:26–42. doi: 10.1055/s-0038-1676806

 35. Padoan A, Plebani M, Basso D. Inflammation and pancreatic Cancer: focus on 
metabolism, cytokines, and immunity. Int J Mol Sci. (2019) 20:676. doi: 10.3390/
ijms20030676

 36. Lucas C, Barnich N, HTT N. Microbiota, inflammation and colorectal Cancer. Int 
J Mol Sci. (2017) 18:1310. doi: 10.3390/ijms18061310

 37. Li P, Shan B, Jia K, Hu F, Xiao Y, Zheng J, et al. Plasma Omega-3 polyunsaturated 
fatty acids and recurrence of endometrial Cancer. BMC Cancer. (2020) 20:576. doi: 
10.1186/s12885-020-07035-5

 38. Serini S, Calviello G. Long-chain Omega-3 fatty acids and Cancer: any cause for 
concern? Curr Opin Clin Nutr Metab Care. (2018) 21:83–9. doi: 10.1097/
mco.0000000000000439

 39. Amin M, Jeyaganth S, Fahmy N, Bégin LR, Aronson S, Jacobson S, et al. Dietary 
habits and prostate Cancer detection: a case-control study. Can Urol Assoc J. (2008) 
2:510–5.

 40. Dai Y, Bai Y, Zhang X. Fish consumption and prostate Cancer risk: a Meta-analysis 
of 37 studies. Int J Clin Exp Med. (2017) 10:9891–900.

 41. Szymanski KM, Wheeler DC, Mucci LA. Fish consumption and prostate Cancer 
risk: a review and Meta-analysis. Am J Clin Nutr. (2010) 92:1223–33. doi: 10.3945/
ajcn.2010.29530

 42. Key TJ. Nutrition, hormones and prostate Cancer risk: results from the European 
prospective investigation into Cancer and nutrition. Recent Results Cancer Res. (2014) 
202:39–46. doi: 10.1007/978-3-642-45195-9_4

 43. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The Prisma 2020 statement: an updated guideline for reporting systematic reviews. Int 
J Surg. (2021) 88:105906. doi: 10.1016/j.ijsu.2021.105906

 44. Chen Z, Ahmed M, Ha V, Jefferson K, Malik V, Ribeiro PAB, et al. Dairy product 
consumption and cardiovascular health: a systematic review and Meta-analysis of prospective 
cohort studies. Adv Nutr. (2021) 13:439–54. doi: 10.1093/advances/nmab118

 45. Wu L, Sun D, He Y. Fruit and vegetables consumption and incident hypertension: 
dose-response Meta-analysis of prospective cohort studies. J Hum Hypertens. (2016) 
30:573–80. doi: 10.1038/jhh.2016.44

 46. Lin E, Tong T, Chen Y, Wang Y. Fixed-effects model: the Most convincing model 
for Meta-analysis with few studies. arXiv. (2020) 2020:200204211. doi: 10.48550/
arXiv.2002.04211

 47. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of 
the quality of nonrandomized studies in Meta-analyses. Eur J Epidemiol. (2010) 
25:603–5. doi: 10.1007/s10654-010-9491-z

 48. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in 
Meta-analyses. BMJ. (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

 49. van Enst WA, Ochodo E, Scholten RJ, Hooft L, Leeflang MM. Investigation of 
publication Bias in Meta-analyses of diagnostic test accuracy: a Meta-epidemiological 
study. BMC Med Res Methodol. (2014) 14:70. doi: 10.1186/1471-2288-14-70

 50. Lin L. Hybrid test for publication Bias in Meta-analysis. Stat Methods Med Res. 
(2020) 29:2881–99. doi: 10.1177/0962280220910172

 51. Crippa A, Discacciati A, Bottai M, Spiegelman D, Orsini N. One-stage dose-
response Meta-analysis for aggregated data. Stat Methods Med Res. (2019) 28:1579–96. 
doi: 10.1177/0962280218773122

 52. Allen B, Shao K, Hobbie K, Mendez W, Lee JS, Cote I, et al. Systematic dose-
response of environmental epidemiologic studies: dose and response pre-analysis. 
Environ Int. (2020) 142:105810. doi: 10.1016/j.envint.2020.105810

 53. Greenland S, Longnecker MP. Methods for trend estimation from summarized 
dose-response data, with applications to Meta-analysis. Am J Epidemiol. (1992) 
135:1301–9. doi: 10.1093/oxfordjournals.aje.a116237

 54. Lusa L, Ahlin Č. Restricted cubic splines for modelling periodic data. PLoS One. 
(2020) 15:e0241364. doi: 10.1371/journal.pone.0241364

 55. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane 
handbook for systematic reviews of interventions version 6.3 (updated February 2022). 
Cochrane, (2022).

 56. Ukoli FA, Taher K, Egbagbe E, Lomotey M, Oguike T, Akumabor P, et al. 
Association of Self-Reported Consumption of cooked Meat, fish, seafood and eggs with 
prostate Cancer risk among Nigerians. Infect Agent Cancer. (2009) 4:S6. doi: 
10.1186/1750-9378-4-s1-s6

 57. Hu J, La Vecchia C, DesMeules M, Negri E, Mery L. Meat and fish consumption 
and Cancer in Canada. Nutr Cancer. (2008) 60:313–24. doi: 10.1080/01635580701759724

 58. Catsburg C, Joshi AD, Corral R, Lewinger JP, Koo J, John EM, et al. Polymorphisms 
in carcinogen metabolism enzymes, fish intake, and risk of prostate Cancer. 
Carcinogenesis. (2012) 33:1352–9. doi: 10.1093/carcin/bgs175

 59. Kobayashi M, Sasaki S, Hamada GS, Tsugane S. Serum N-3 fatty acids, fish 
consumption and Cancer mortality in six Japanese populations in Japan and Brazil. Jpn 
J Cancer Res. (1999) 90:914–21. doi: 10.1111/j.1349-7006.1999.tb00835.x

 60. Urquiza-Salvat N, Pascual-Geler M, Lopez-Guarnido O, Rodrigo L, Martinez-
Burgos A, Cozar JM, et al. Adherence to Mediterranean diet and risk of prostate Cancer. 
Aging Male. (2019) 22:102–8. doi: 10.1080/13685538.2018.1450854

 61. Mori M, Masumori N, Fukuta F, Nagata Y, Sonoda T, Sakauchi F, et al. Traditional 
Japanese diet and prostate Cancer. Mol Nutr Food Res. (2009) 53:191–200. doi: 10.1002/
mnfr.200800285

 62. Reese AC, Fradet V, Witte JS. Omega-3 fatty acids, genetic variants in Cox-2 and 
prostate Cancer. J Nutrigenet Nutrigenomics. (2009) 2:149–58. doi: 10.1159/000235565

 63. Langlais CS, Graff RE, Van Blarigan EL, Palmer NR, Washington SL 3rd, Chan JM, et al. 
Post-diagnostic dietary and lifestyle factors and prostate Cancer recurrence, progression, and 
mortality. Curr Oncol Rep. (2021) 23:37. doi: 10.1007/s11912-021-01017-x

 64. Sala-Vila A, Calder PC. Update on the relationship of fish intake with prostate, 
breast, and colorectal cancers. Crit Rev Food Sci Nutr. (2011) 51:855–71. doi: 
10.1080/10408398.2010.483527

 65. Hayes RB, Ziegler RG, Gridley G, Swanson C, Greenberg RS, Swanson GM, et al. 
Dietary factors and risks for prostate Cancer among blacks and whites in the 
United States. Cancer Epidemiol Biomark Prev. (1999) 8:25–34.

 66. Leitzmann MF, Stampfer MJ, Michaud DS, Augustsson K, Colditz GC, Willett WC, 
et al. Dietary intake of N-3 and N-6 fatty acids and the risk of prostate Cancer. Am J Clin 
Nutr. (2004) 80:204–16. doi: 10.1093/ajcn/80.1.204

 67. Rodriguez C, McCullough ML, Mondul AM, Jacobs EJ, Chao A, Patel AV, et al. 
Meat consumption among black and white men and risk of prostate Cancer in the 
Cancer prevention study ii nutrition cohort. Cancer Epidemiol Biomark Prev. (2006) 
15:211–6. doi: 10.1158/1055-9965.Epi-05-0614

 68. Michaud DS, Augustsson K, Rimm EB, Stampfer MJ, Willet WC, Giovannucci E. 
A prospective study on intake of animal products and risk of prostate Cancer. Cancer 
Causes Control. (2001) 12:557–67. doi: 10.1023/a:1011256201044

 69. Chan JM, Pietinen P, Virtanen M, Malila N, Tangrea J, Albanes D, et al. Diet and prostate 
Cancer risk in a cohort of smokers, with a specific focus on calcium and phosphorus 
(Finland). Cancer Causes Control. (2000) 11:859–67. doi: 10.1023/a:1008947201132

 70. Key TJ, Appleby PN, Crowe FL, Bradbury KE, Schmidt JA, Travis RC. Cancer in 
British vegetarians: updated analyses of 4998 incident cancers in a cohort of 32,491 Meat 
eaters, 8612 fish eaters, 18,298 vegetarians, and 2246 vegans. Am J Clin Nutr. (2014) 
100:378s–85s. doi: 10.3945/ajcn.113.071266

 71. Yang M, Kenfield SA, Van Blarigan EL, Batista JL, Sesso HD, Ma J, et al. Dietary patterns 
after prostate Cancer diagnosis in relation to disease-specific and Total mortality. Cancer Prev 
Res (Phila). (2015) 8:545–51. doi: 10.1158/1940-6207.Capr-14-0442

 72. Gilsing AM, Weijenberg MP, Goldbohm RA, Dagnelie PC, van den Brandt PA, 
Schouten LJ. Vegetarianism, low Meat consumption and the risk of lung, postmenopausal 
breast and prostate Cancer in a population-based cohort study. Eur J Clin Nutr. (2016) 
70:723–9. doi: 10.1038/ejcn.2016.25

 73. Wu K, Spiegelman D, Hou T, Albanes D, Allen NE, Berndt SI, et al. Associations 
between unprocessed red and processed Meat, poultry, seafood and egg intake and the 
risk of prostate Cancer: a pooled analysis of 15 prospective cohort studies. Int J Cancer. 
(2016) 138:2368–82. doi: 10.1002/ijc.29973

 74. Oczkowski M, Dziendzikowska K, Pasternak-Winiarska A, Włodarek D, 
Gromadzka-Ostrowska J. Dietary factors and prostate Cancer development, progression, 
and reduction. Nutrients. (2021) 13:496. doi: 10.3390/nu13020496

 75. Shahidi F, Ambigaipalan P. Omega-3 polyunsaturated fatty acids and their health 
benefits. Annu Rev Food Sci Technol. (2018) 9:345–81. doi: 10.1146/annurev-
food-111317-095850

 76. Patel D, Thevenet-Morrison K, Van Wijngaarden E. Omega-3 polyunsaturated 
fatty acid intake through fish consumption and prostate specific antigen level: results 
from the 2003 to 2010 National Health and examination survey. Prostaglandins Leukot 
Essent Fatty Acids. (2014) 91:155–60. doi: 10.1016/j.plefa.2014.07.008

 77. Ferraro S, Biganzoli EM. Association between Total prostate-specific antigen 
(Tpsa), free/Tpsa, and prostate Cancer mortality. BJU Int. (2022) 129:418. doi: 10.1111/
bju.15611

 78. Brouwer IA, Geleijnse JM, Klaasen VM, Smit LA, Giltay EJ, de Goede J, et al. Effect 
of alpha linolenic acid supplementation on serum prostate specific antigen (Psa): results 

https://doi.org/10.3389/fnut.2023.1221029
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1158/1055-9965.Epi-19-1426
https://doi.org/10.1186/s12916-022-02256-w
https://doi.org/10.1186/s12916-022-02256-w
https://doi.org/10.1158/1940-6207.Capr-16-0070
https://doi.org/10.1002/ijc.27372
https://doi.org/10.1016/j.bbalip.2014.08.010
https://doi.org/10.1055/s-0038-1676806
https://doi.org/10.3390/ijms20030676
https://doi.org/10.3390/ijms20030676
https://doi.org/10.3390/ijms18061310
https://doi.org/10.1186/s12885-020-07035-5
https://doi.org/10.1097/mco.0000000000000439
https://doi.org/10.1097/mco.0000000000000439
https://doi.org/10.3945/ajcn.2010.29530
https://doi.org/10.3945/ajcn.2010.29530
https://doi.org/10.1007/978-3-642-45195-9_4
https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.1093/advances/nmab118
https://doi.org/10.1038/jhh.2016.44
https://doi.org/10.48550/arXiv.2002.04211
https://doi.org/10.48550/arXiv.2002.04211
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1186/1471-2288-14-70
https://doi.org/10.1177/0962280220910172
https://doi.org/10.1177/0962280218773122
https://doi.org/10.1016/j.envint.2020.105810
https://doi.org/10.1093/oxfordjournals.aje.a116237
https://doi.org/10.1371/journal.pone.0241364
https://doi.org/10.1186/1750-9378-4-s1-s6
https://doi.org/10.1080/01635580701759724
https://doi.org/10.1093/carcin/bgs175
https://doi.org/10.1111/j.1349-7006.1999.tb00835.x
https://doi.org/10.1080/13685538.2018.1450854
https://doi.org/10.1002/mnfr.200800285
https://doi.org/10.1002/mnfr.200800285
https://doi.org/10.1159/000235565
https://doi.org/10.1007/s11912-021-01017-x
https://doi.org/10.1080/10408398.2010.483527
https://doi.org/10.1093/ajcn/80.1.204
https://doi.org/10.1158/1055-9965.Epi-05-0614
https://doi.org/10.1023/a:1011256201044
https://doi.org/10.1023/a:1008947201132
https://doi.org/10.3945/ajcn.113.071266
https://doi.org/10.1158/1940-6207.Capr-14-0442
https://doi.org/10.1038/ejcn.2016.25
https://doi.org/10.1002/ijc.29973
https://doi.org/10.3390/nu13020496
https://doi.org/10.1146/annurev-food-111317-095850
https://doi.org/10.1146/annurev-food-111317-095850
https://doi.org/10.1016/j.plefa.2014.07.008
https://doi.org/10.1111/bju.15611
https://doi.org/10.1111/bju.15611


Eshaghian et al. 10.3389/fnut.2023.1221029

Frontiers in Nutrition 24 frontiersin.org

from the alpha omega trial. PLoS One. (2013) 8:e81519. doi: 10.1371/journal.
pone.0081519

 79. Hamazaki K, Higashihara E, Terachi T, Takada H, Matsuda T, Kawakita M, et al. 
The effect of Eicosapentaenoic acid on prostate-specific antigen. In Vivo. (2006) 
20:397–401.

 80. Higashihara E, Itomura M, Terachi T, Matsuda T, Kawakita M, Kameyama S, et al. 
Effects of Eicosapentaenoic acid on biochemical failure after radical prostatectomy for 
prostate Cancer. In Vivo. (2010) 24:561–5.

 81. Brasky TM, Kristal AR, Navarro SL, Lampe JW, Peters U, Patterson RE, et al. 
Specialty supplements and prostate Cancer risk in the vitamins and lifestyle (vital) 
cohort. Nutr Cancer. (2011) 63:573–82. doi: 10.1080/01635581.2011.553022

 82. McEntee MF, Ziegler C, Reel D, Tomer K, Shoieb A, Ray M, et al. Dietary N-3 
polyunsaturated fatty acids enhance hormone ablation therapy in androgen-dependent 
prostate Cancer. Am J Pathol. (2008) 173:229–41. doi: 10.2353/ajpath.2008.070989

 83. Darwito D, Dharmana E, Riwanto I, Budijitno S, Suwardjo S, Purnomo J, et al. 
Effects of Omega-3 supplementation on Ki-67 and Vegf expression levels and clinical 
outcomes of locally advanced breast Cancer patients treated with neoadjuvant Caf 

chemotherapy: a randomized controlled trial report. Asian Pac J Cancer Prev. (2019) 
20:911–6. doi: 10.31557/apjcp.2019.20.3.911

 84. Pizzini A, Lunger L, Demetz E, Hilbe R, Weiss G, Ebenbichler C, et al. The role of 
Omega-3 fatty acids in reverse cholesterol transport: a review. Nutrients. (2017) 9:1099. 
doi: 10.3390/nu9101099

 85. Ghosh J, Myers CE. Inhibition of Arachidonate 5-lipoxygenase triggers massive 
apoptosis in human prostate Cancer cells. Proc Natl Acad Sci U S A. (1998) 95:13182–7. 
doi: 10.1073/pnas.95.22.13182

 86. Pidgeon GP, Kandouz M, Meram A, Honn KV. Mechanisms controlling cell cycle 
arrest and induction of apoptosis after 12-lipoxygenase inhibition in prostate Cancer 
cells. Cancer Res. (2002) 62:2721–7.

 87. Chan JM, Gann PH, Giovannucci EL. Role of diet in prostate Cancer development 
and progression. J Clin Oncol. (2005) 23:8152–60. doi: 10.1200/jco.2005.03.1492

 88. Lundebye AK, Lock EJ, Rasinger JD, Nøstbakken OJ, Hannisdal R, Karlsbakk E, 
et al. Lower levels of persistent organic pollutants, metals and the marine omega 3-fatty 
acid Dha in farmed compared to wild Atlantic Salmon (Salmo salar). Environ Res. (2017) 
155:49–59. doi: 10.1016/j.envres.2017.01.026

https://doi.org/10.3389/fnut.2023.1221029
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0081519
https://doi.org/10.1371/journal.pone.0081519
https://doi.org/10.1080/01635581.2011.553022
https://doi.org/10.2353/ajpath.2008.070989
https://doi.org/10.31557/apjcp.2019.20.3.911
https://doi.org/10.3390/nu9101099
https://doi.org/10.1073/pnas.95.22.13182
https://doi.org/10.1200/jco.2005.03.1492
https://doi.org/10.1016/j.envres.2017.01.026

	Fish consumption and risk of prostate cancer or its mortality: an updated systematic review and dose–response meta-analysis of prospective cohort studies
	Introduction
	Methods
	Search strategy
	Inclusion criteria
	Exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Literature search
	Characteristics of included studies
	Findings from the systematic review
	Findings from the meta-analysis
	Total fish intake and risk of prostate cancer
	Total fish intake and advanced prostate cancer
	Total fish intake and prostate cancer mortality
	Total fish intake and other outcomes
	Sensitivity analyzes and publication bias

	Discussion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	 References



